Mycoviruses are widespread in nature and often occur with dsRNA and positive-stranded RNA genomes. Recently, strong evidence from RNA sequencing analysis suggested that negative-stranded (−)ssRNA viruses could infect fungi. Here we describe a (−)ssRNA virus, Sclerotinia sclerotiorum negative-stranded RNA virus 1 (SsNSRV-1), isolated from a hypovirulent strain of Sclerotinia sclerotiorum. The complete genome of SsNSRV-1 is 10,002 nt with six ORFs that are nonoverlapping and linearly arranged. Conserved gene-junction sequences that occur widely in mononegaviruses, (A/U)(U/A/C)UAUU (U/A)AA(U/G)AAAACUUAGG(A/U)(G/U), were identified between these ORFs. The analyses 5′ and 3′ rapid amplification of cDNA ends showed that all genes can be transcribed independently. ORF V encodes the largest protein that contains a conserved mononegaviral RNA-dependent RNA polymerase (RdRp) domain. Putative enveloped virion-like structures with filamentous morphology similar to members of Filoviridae were observed both in virion preparation samples and in ultrathin hyphal sections. The nucleocapsids are long, flexible, and helical; and are 22 nm in diameter and 200-2,000 nm in length. SDS/PAGE showed that the nucleocapsid possibly contains two nucleoproteins with different molecular masses, ∼43 kDa (p43) and ∼41 kDa (p41), and both are translated from ORF II. Purified SsNSRV-1 virions successfully transfected a virus-free strain of S. sclerotiorum and conferred hypovirulence. Phylogenetic analysis based on RdRp showed that SsNSRV-1 is clustered with viruses of Nyamiviridae and Bornaviridae. Moreover, SsNSRV-1 is widely distributed, as it has been detected in different regions of China. Our findings demonstrate that a (−)ssRNA virus can occur naturally in fungi and enhance our understanding of the ecology and evolution of (−)ssRNA viruses.
mononegavirus | fungal plant pathogen | rapeseed stem rot | biological control M ycoviruses (or fungal viruses) are widespread among the major taxonomic groups of fungi (1) . Although many mycoviruses are associated with latent infections, some hold great promise for exploitation as biological agents to control fungal diseases. For example, the hypovirus that infects the chestnut blight fungal pathogen Cryphonectria parasitica was used successfully to control chestnut blight in Europe (2) . Likewise, two other mycoviruses, namely Rosellinia necatrix megabirnavirus 1 and Sclerotinia sclerotiorum hypovirulence-associated DNA virus 1, were shown to have the potential to control fungal diseases (3) (4) (5) . Mycoviruses have also been used to enhance the understanding of the basic principles of the viral life cycle, such as viral replication and proliferation and interaction with their fungal hosts (6) .
Most mycoviruses are composed of either double-stranded (ds) or positive single-stranded (+)ssRNA genomes, and a few have a DNA genome (4) . At present, mycoviruses with RNA genomes are classified into 12 families, of which 4 contain dsRNA viruses, 6 comprise (+)ssRNA viruses, and 2 families (Metaviridae and Pseudoviridae) accommodate RNA reverse-transcribing genomes (1) . However, an increasing number of mycoviruses that differ from those classified have been found (7) (8) (9) . Recently, Kondo et al. (10) identified L protein-like gene sequences of a putative (−)ssRNA virus in the genome of Erysiphe pisi, a fungal plant pathogen, and they also assembled incomplete genomic sequences of (−)ssRNA viruses in transcriptome shotgun assembly libraries of another fungal pathogen, Sclerotinia homoeocarpa, and suggested that (−)ssRNA viruses are most likely to exist in fungi (10) . However, to date it is not known whether (−)ssRNA viruses do in fact occur in fungi and their properties also remain as yet unknown.
Mononegaviruses are members of the order Mononegavirales with nonsegmented (−)ssRNA genomes and are 8.9-19 kb in size. Generally, the virions of mononegaviruses have large enveloped structures with variable morphologies, and individual particles frequently exhibit pleomorphism. Mononegaviruses are grouped into five families: Bornaviridae, Filoviridae, Paramyxoviridae, Rhabdoviridae, and Nyamiviridae. Some mononegaviruses are notorious human viral pathogens, such as the Ebola, human respiratory syncytial, measles, Nipah, and rabies viruses. Many mononegaviruses are found in vertebrates, whereas only a few of the mononegaviruses have been reported to infect plants and invertebrates (nematode) (11, 12) .
Sclerotinia sclerotiorum is a devastating fungal plant pathogen with a wide host range including more than 400 plant species (13) . Due to a lack of resistant cultivars and the fact that largescale application of fungicides could result in a potential threat to the environment, diseases caused by S. sclerotiorum cannot be controlled efficiently. Previously, we reported that a hypovirulence-associated DNA mycovirus could be exploited as a potential biocontrol agent of diseases caused by S. sclerotiorum (4, 5) . This finding encouraged us to screen more viruses that confer hypovirulence to S. sclerotiorum. In the present study we found that a hypovirulent strain AH98 (Fig. S1 ) was coinfected by two viruses: One is a hypovirus, highly similar to Sclerotinia sclerotiorum Significance Mycoviruses are viruses that infect fungi and replicate in fungi. Previously, no mycoviruses had been discovered with negativestranded (−)ssRNA genomes. Here, we characterize a (−)ssRNA mycovirus that infects a fungal plant pathogen. Although its genome and organization are significantly different from those of current mononegaviruses, this virus is closely related to viruses in families Nyamiviridae and Bornaviridae that infect animals. This discovery may provide insights into the global ecology and evolution of (−)ssRNA viruses. Furthermore, since many (−)ssRNA viruses are serious human pathogens, this system is likely to provide a less hazardous way to study replication of a (−)ssRNA virus and could be useful in establishing a system to screen antiviral compounds against (−)ssRNA viruses.
hypovirus 1 (SsHV-1) (14) ; and the other is a (−)ssRNA virus that is related to mononegaviruses, and was designated S. sclerotiorum negative-stranded RNA virus 1 (SsNSRV-1). Here, we report the properties of this unique mycomononegavirus, including genome organization, viral morphology, evolution, and distribution in China.
Results
Properties of SsNSRV-1 Virus Particles. The virions of SsNSRV-1 purified from mycelia of strain AH98 are filamentous, 25-50 nm in diameter, ∼1,000 nm in length (Fig. 1A) , and similar in filamentous virion shape to the Ebola virus (15) . However, unlike the case of the Ebola virus, no spikes were clearly observed by transmission electron microscopy (TEM) to be protruding from the outer layers of the SsNSRV-1 virions. When the virions were broken, helical and flexible substructures were observed (Fig.  1A ). These helical substructures had an optimum absorption spectrum at 260 nm, indicating the presence of nucleic acid. Such substructures, known as nucleocapsids, are ubiquitous in mononegviruses, such as in the Marburg, rabies, and Newcastle disease viruses; simian virus 5; Sendai virus 1; and others (16) (17) (18) (19) (20) (21) .
SsNSRV-1 nucleocapsids are single, left-handed, helical structures which, when tightly coiled, have a diameter of [20] [21] [22] nm and a length of 200-2,000 nm (Fig. 1B) . The conformation of SsNSRV-1 nucleocapsids showed wide variations when observed by TEM ( Fig. 1 B and C) . They were observed to have tightly stacked turns and an overall appearance of relatively stiff rods and also as loosely coiled helices that were extended to varying degrees. Furthermore, nucleoprotein (NP) monomers that make up the coils were observed in some images (Fig. 1C) . Such dense or loose coils have often been observed in mononegavirus preparations as RNA-nucleoprotein complexes (RNPs) (21) .
The nuclocapsids and tubular structures were also observed in ultrathin fungal hyphal section by TEM. The outer layer of the tubular structures is apparently a membrane, whereas the inner part comprises nucleocapsids (Fig. S2 ). These tubular structures are similar to the purified virions. Thus, we suggest that the SsNSRV-1 virions may be enveloped by a membrane, and called "enveloped virion-like structures" (EVLSs).
That the viral genome of SsNSRV-1 is ssRNA in nature was convincingly demonstrated using a combined method of nuclease digestion analysis and RT-PCR amplification. Moreover, the RNPs of SsNSRV-1 can be used directly as a template for inverse transcription, which is also a unique feature of mononegaviruses (21) .
Complete Sequence and Organization of SsNSRV-1 Genome. The assembled RNA genome sequence of SsNSRV-1 is 10,002 nt with at least fivefold coverage of every site and was confirmed by Northern blot analysis ( Fig. 1 E and F) . The viral RNA lacks a poly(A) tail at 3′ terminus and is devoid of a capped 5′ terminus because this terminus could be ligated to the 3′ terminus or be linked directly to an oligonucleotide by T4 RNA ligase, and then successfully RT-PCR amplified (Fig. S3) . The GC content of the whole genome is 38.8%, and the 5′ and 3′ terminal regions do not exhibit obvious complementarity. The full length of the SsNSRV-1 genome is predicted to have six major ORFs (ORFs I-VI), and these nonoverlapping ORFs are arranged linearly in the viral genome ( Fig. 2A ). In addition, conserved noncoding sequences [3′-(A/U)(U/A/C)UAUU(U/A)AA(U/G)AAAACUUA-GG(A/U)(G/U)-5′] were identified downstream of each ORF (Fig.  2E) ; the consensus sequences are underlined. These gene-junction sequences in the viral genome are ubiquitous and are a characteristic feature in mononegaviruses (22) . Interestingly, downstream of ORF V, there is an additional ORF (ORF VI) which has not been found in currently known mononegaviruses. Further sequencing analysis showed that there is a stop codon between ORFs V and VI, and a conserved noncoding sequence is also present between them (Fig. 2E) .
Northern blot showed that all six ORFs of SsNSRV-1 were indeed expressed using corresponding probes I-VI (Fig. 2B) . The predicted ORFs were further confirmed by RT-PCR analysis. The 5′ and 3′ rapid amplification of cDNA ends (RACE) analysis results suggest that all six genes could be transcribed independently ( Fig. 2 C and D) , whereas ORF V could be cotranscribed with ORF VI because two types of 3′ RACE products were amplified ( Fig. 2D and Table S1 ). All sequences of 5′ and 3′ RACE are shown in Table S1 . Based on the 5′ and 3′ RACE results, a transcript map of SsNSRV-1 is shown (Fig. 2F) .
Subviral RNA species could be also isolated from virion preparations ( Fig. 1D and Fig. S4 ), and these RNAs could be hybridized to a probe derived from ORF V, but could not be detected with a probe derived from ORF II ( Fig. 1 E and F) . These RNA species were poly(A) tailed at the 3′ end and circularized with T4 RNA ligase, and then subjected to cDNA synthesis and terminal sequence determination (Fig. S5A) . The results showed that these RNA species are defective viral RNA whose 5′ and 3′ termini are incomplete, where ORFs I and II are almost fully deleted (Fig. S5B ). Our SsNSRV-1 genome sequence has been deposited in GenBank under accession no. KJ186782. significant sequence similarity with RNA polymerases from viruses in Bornaviridae, Filoviridae, Rhabdoviridae, and Paramyxoviridae, and the newly classified Nyamiviridae, which are all members of the order Mononegavirales. The four conserved motifs, I-IV, found in mononegaviruses were identified in this putative protein, reflecting the important roles in viral replication and maintenance (Fig. 3A) . This protein has also been rarely detected when analyzing the nucleocapsid protein using the peptide mass fingerprinting (PMF) technique (Table S2) .
ORF II encodes the nucleoproteins (NPs) of SsNSRV-1. Two proteins (p43 and p41) isolated from purified nucleocapsids of SsNSRV-1 (Fig. 1G) were subjected to PMF analysis. The results showed that p43 and p41 generated a total of 33 and 23 peptide fragments, respectively (Table S2) . Of these peptide fragments, 32 from p43 matched the peptide sequence encoded by ORF II (Table S2) , accounting for 67.2% of the entire coverage (375 aa). Furthermore, 22 peptide fragments from p41 also matched ORF II-encoding peptide sequence (Table S2) . Therefore, the SsNSRV-1 nucleocapsid may have two forms of nucleoproteins (NP), or protein p41 is a degradation product occurring during virion purification.
The protein encoded by ORF I was detected in the protein sample extracted from crude virion preparations (Table S2) , and this protein is a possible membrane protein based on analysis with RaptorX web server (23) . It is still not clear whether other viral genes code for viral structural proteins due to the extreme fragility of the virions. To determine their possible roles, all of the ORFs were analyzed to determine the isoelectric points (pI values), potential phosphorylation sites, and potential glycosylation sites in their products. All six deduced proteins of SsNSRV-1 had multiple phosphorylation and glycosylation sites. Proteins encoded by ORFs I-IV are acidic, and the protein encoded by ORF IV has the lowest pI (3.67), whereas proteins encoded by ORFs V (pI 8.83) and VI (pI 9.3) are alkaline.
SsNSRV-1 Is Phylogenetically Closely Related to Bornaviruses and
Nyaviruses. We performed maximum-likelihood phylogenetic analysis based on the amino acid core sequences of the L protein of SsNSRV-1 and other selected viruses, including representative strains of species in each genus in the Mononegavirales (the five families: Bornaviridae, Filoviridae, Paramyxoviridae, Rhabdoviridae, and Nyamiviridae), along with the segmented (−)ssRNA viruses, lettuce big-vein associated virus (LBVaV), and orchid fleck virus (OFV) (24) (25) (26) . The results showed that SsNSRV-1 is most closely related to bornaviruses and nyaviruses (Fig. 3B) ; however, compared with Borna disease, Nyamanini, and midway viruses, it differs largely in genome size and gene organization.
Our phylogram showed that the current mononegaviruses were divided into two major clusters, which can be further split into four evolutionary lineages, I-IV (Fig. 3B) . Lineages I and II were grouped into the first major cluster, and all of the viruses in this cluster possess large genomes and can cause dreadful diseases in vertebrates including humans. The remaining viruses have smaller genome sizes and formed the second major cluster, with varied hosts, including vertebrates, plants, and nematodes. SsNSRV-1 was also included in this cluster. In the second major cluster, although SsNSRV-1, bornaviruses, and nyaviruses made up the third lineage (lineage III), and the rhabdoviruses and the (shown as A367), which was virus-free; and Ep-1PNA367-PT2 (shown as A367-PT2), which was transfected by SsNSRV-1. Internal gene-specific DNA fragments were PCR amplified and used to make probes P I through P VI. Primer pairs were designed based on the sequence of each ORF (Table S3) . DIGlabeled λ DNA was used as a probe to detect the RNA weight marker RL10000 (TaKaRa). In comparison with the SsNSRV-1-free Ep-1PNA367, all the mRNAs of SsNSRV-1 ORFs I-VI were specifically detected in Ep-PNA367-PT2. Table S4 . BO, Bornaviridae; FI, Filoviridae; NY, Nyamiviridae; PA, Paramyxoviridae; PN, Pneumoviridae; RH, Rhabdoviridae.
two segmented (−)RNA viruses (OFV and LBVaV) comprised the fourth lineage (lineage IV), SsNSRV-1 showed only a distant phylogenetic relationship with all other viruses in lineage IV.
Hypovirulence and Associated Traits of S. sclerotiorum Infected by SsNSRV-1. Using PEG-mediated methods, the virulent strain Ep-1PNA367 was successfully transfected with SsNSRV-1 virions, and this was confirmed by both viral RNA extraction and RT-PCR amplification as shown in Fig. S4 . The newly SsNSRV-1-infected isolates displayed debilitation symptoms, including slow growth on potato dextrose agar (PDA), loss of the ability to produce sclerotia, and loss of pathogenicity on rapeseed (Fig. 4  A, C, and D) . Moreover, we found that almost all of the hyphal tips of these newly transfected strains extended in a zigzag style, indicating the possible loss of growth polarity (Fig. 4B) . Although the biomass of these newly infected strains has significantly decreased (Fig. 4E) , the strains accumulated more acidic substances because the pH value of the culture filtrate was significantly lower than that of virus-free strain Ep-1PNA367 (Fig.  4F) . The biological traits of strain AH98, which was naturally coinfected by SsNSRV-1 and SsHV-1, were slightly different from that of the SsNSRV-1-infected Ep-1PNA367. It appears that strain AH98 did not significantly lose growth polarity (Fig. S1 ).
Wide Distribution of SsNSRV-1 in Nature. SsNSRV-1 is widely distributed in different climatological and geographical environments in China. Besides the Anhui Province from where the SsNSRV-1-infected strain AH98 was isolated, SsNSRV-1 was successfully detected in six strains of S. sclerotiorum, which were sampled from Heilongjiang, Hubei, Jiangxi, and Shaanxi Provinces. The Heilongjiang Province is in the northeast, the Jiangxi Province is in the southeast, and Shaanxi Province is in the northwest. The distance between Heilongjiang and Jiangxi Provinces is about 3,000 km, and these two provinces have very distinct climates. Notably, the SsNSRV-1-infected strain HLJ-048 was isolated from diseased soybean, whereas the other strains were isolated from diseased rapeseed.
Discussion
Kondo et al. (10) have presented strong evidence that (−)ssRNA viruses may occur in nature and potentially infect fungi. However, important questions about genome structure, virion morphology, transcription strategy, and infectivity remained to be answered. Here, we purified virions of a (−)ssRNA virus from the hypovirulent strain AH98 of S. sclerotiorum and characterized its genomic structure, transcription strategy, phylogenetic relationship, and biological impacts on its host. We have thus demonstrated that (−)ssRNA viruses do indeed infect fungi in nature.
All virions of members in the order Mononegavirales are enveloped with a phospholipid membrane originating from the host, but they are pleomorphic. Even among viruses belonging to the same family, they are always distinct in virion shape, e.g., paramyxoviruses (27) . The virions of SsNSRV-1 seem to have a filamentous morphology that resembles Ebola virus virions. In view of the fact that nucleocapsids were not directly observed, it is presumed that a substructure, most likely a membrane, envelops the helical nucleocapsids (Fig. 1A) . Moreover, putative enveloped virions-like structures were also observed in ultrathin hyphal sections (Fig. S2) . The helical nucleocapsids would be released when this membrane-like substructure is damaged (Fig.  1A) . However, the internal nucleocapsids in SsNSRV-1 virions are arranged differently from those of Ebola virus. The nucleocapsids of SsNSRV-1 seem to be organized in a helical style within the virions (Fig. 1A) , whereas in the Ebola virus, the nucleocapsids are arranged linearly (15) .
Despite the differences in virion shape and nucleocapsid organization, the structure and characteristics of SsNSRV-1 nucleocapsids are strikingly similar to those of almost all of the mononegaviruses. For example, the viral nucleocapsids have helical structures with widely variable conformation and can serve directly as the templates for replication and transcription. Therefore, among mononegaviruses, there is an extensive, conserved, and regular protein scaffold, which confers a unique feature distinct from all other virus families and plays critical roles in RNA transcription, replication, and virus assembly for adapting to the changing cellular microenvironment.
The genomic arrangement of SsNSRV-1 does not follow the basic five-gene pattern (N-P-M-G-L) of mononegaviruses (22) . First, the genome of SsNSRV-1 has six ORFs, which were confirmed by Northern blot analysis, RT-PCR amplification, and 5′ and 3′ RACE analyses. Second, the NP may have two forms and both were encoded by ORF II instead of ORF I (Fig. 1G and Table S2 ). Two forms of NP have occurred in the Marburg and bornaviruses. In the Marburg virus, the 94-kDa form of the NP is phosphorylated, whereas the 92-kDa form is nonphosphorylated (28) . In bornavirus, the p40 and p38 are generated by alternative initiation of translation and differ by 13 aa at the N terminus, where the nuclear localization sequence is located (29) . Third, the ORF IV of SsNSRV-1, whose position corresponds to the glycoprotein G of mononegaviruses, is unlikely to encode G protein, not only because it is the smallest gene of SsNSRV-1 (186 bp), but also because of the lack of a putative signal peptide, a transmembrane segment, an external ectodomain, and an internal endodomain, which are universal structures of viral G protein (30) . In rhabdoviruses, the G protein is thought to play a critical part in membrane fusion during cell entry by changing its conformation and causing rearrangement of the cellular membrane (31) . However, considering the special environment and features of the fungal hosts, SsNSRV-1 may lack the G protein gene. Some mycoviruses, although phylogenetically related to animal or plant viruses, often lack nonessential genes, including genes for coat protein and movement protein (32) (33) (34) . And fourth, there is an additional ORF VI following the L gene (ORF V), which is absent in all extant mononegaviruses. We compared SsNSRV-1 with the sequences assembled by Kondo et al. (10) in genome organization and putative ORFs. Interestingly, downstream of the L-like ORFs, all the sequences generated by Kondo et al. (10) have an ORF corresponding to the position of ORF VI in the SsNSRV-1 genome, although they do not have any significant similarity with each other. Moreover, there is a significant similarity between the NP of SsNSRV-1 and the ORF I of ShTSA3-L or the ORF II of ShTSA3-L. The SsNSRV-1 L protein also shows a significant similarity to all three L-like ORFs, whereas the remaining ORFs of SsNSRV-1 had no sequence similarity to those virus-like sequences. Therefore, fungal negative-stranded viruses may have special gene patterns that are distinct from the basic gene patterns (N-P-M-G-L) of most monopartite (−)ssRNA viruses. This finding may be indicative of another coevolutionary history with the fungal hosts.
Currently, the order Mononegavirales contains five families, and all are collectively divided into four evolutionary lineages based on phylogenetic analysis (Fig. 3B) . Although the fungal negative-stranded virus SsNSRV-1 is clustered with bornaviruses and nyaviruses, it forms a separate subclade that is different from these two groups of mononegaviruses. This finding suggests that this fungal negative-stranded virus may represent another lineage in the order Mononegavirales, and a previously unidentified virus family, tentatively designated Mycomononegaviridae, may need to be created to encompass SsNSRV-1 and other fungal mononegaviruses that are yet to be discovered.
SsNSRV-1 can significantly reduce the growth rate and sclerotial production and can confer hypovirulence to S. sclerotiorum (Fig. 4 A-E) . Although hypovirulent strains Ep-1PNA367-PT2 and Ep-1PNA367-PT12 have much less biomass than Ep-1PNA367 (Fig. 4E) , the pH values of filtrates of the two strains infected by SsNSRV-1 were significantly lower than that of strain Ep-1PNA367 (Fig. 4F) . This result suggests that the two strains can accumulate comparable amounts of oxalic acid, which is an essential pathogenicity determinant for S. sclerotiorum (35) . Therefore, SsNSRV-1 is likely to affect other pathogenesis pathways rather than oxalic acid in S. sclerotiorum.
Briefly, we have isolated and characterized a fungal (−)ssRNA virus (SsNSRV-1) in S. sclerotiorum, which is phylogenetically related to viruses in the families Bornaviridae and Nyamiviridae, and we found this virus can successfully transfect the host's protoplasts under the mediation of PEG. The discovery of this (−)ssRNA mycovirus may provide insights into the global virus ecology and evolution as well as the interactions between S. sclerotiorum and SsNSRV-1, and may also provide a system for examining fungal factors involved in (−)ssRNA viral replication and maintenance. Furthermore, because many (−)ssRNA viruses are serious human pathogens, this system is likely to provide a less hazardous path to study the replication of a (−)ssRNA virus and to establish a system for screening antiviral compounds against (−)ssRNA viruses.
Materials and Methods
Fungal Strains and Maintenance. S. sclerotiorum strain AH98 was isolated from a sclerotium obtained from a diseased rapeseed (Brassica napus) plant from the Anhui Province. The virus-free strain Ep-1PNA367 was a singleascospore-isolation progeny of a mycovirus-infected hypovirulent strain of Ep-1PN (33) . The two strains and other strains used to analyze the natural distribution of SsNSRV-1 were cultured on PDA at 20-22°C and stored on PDA slants at 4°C.
Purification and Observation of Virus Particles. The viral particles were isolated from strains AH98 and Ep-1PNA367-PT2 in accordance with the method described by Yu et al. (4) with minor modification. These strains were grown at 20°C for 7-10 d on sterilized cellophane films placed on PDA or in potato dextrose broth (PDB). Approximately 30 g mycelia were ground in liquid nitrogen and mixed with three volumes of 0.1 M phosphate buffer (pH 7.0) containing 0.5% mercaptoethanol (vol/vol), and then the mixture was gently shaken on ice for 30 min. The mixture was separated with high-speed centrifugation (12,096 × g for 30 min), and supernatant collected to extract virions with ultracentrifugation. The virus particles were stained with 2% (wt/vol) phosphotungstic acid (PTA) solution (pH 7.4) and observed using a transmission electron microscope (Model Tecnai G 2 20; FEI Company). To detect the morphology of virions in the hyphal cells, ultrathin fungal sections of the strain AH98 and Ep-EPNA367-PT2 were prepared to detect the morphology of SsNSRV-1 virions under TEM. These ultrathin fungal sections were prepared and observed in accordance with the method described by Wu et al. (36) .
PMF Analysis of Viral Protein. The purified virus particles after sucrose gradient centrifugation were boiled for 10 min and then loaded on 12% (vol/vol) polyacrylamide gel amended with 1% SDS. After electrophoresis, the gel was stained with Coomassie brilliant blue R250. The resulting protein bands were individually cut from the gel and subjected to PMF analysis at BGI Co., Ltd. To avoid missing any proteins during virion preparation, protein samples directly extracted from crude virion preparations (after ultracentrifugation) and 20% and 25% (wt/vol) sucrose gradient components (∼300 μg) were subjected to PMF analysis.
Nucleic Acid Extraction, cDNA Cloning, and Sequencing. Viral genome RNA samples from virus nucleocapsids were extracted using phenol/chloroform extraction. Fungal total RNA samples were extracted using RNAiso, according to the RNA extraction reference (TaKaRa). All RNA samples were stored at −70°C before use. RNA samples, either from virus particles or from mycelia mass, were used for cDNA cloning and terminal determination in accordance with the procedures described by Xie et al. (14) . The terminal sequences of the viral genome were confirmed in accordance with methods described by Potgieter et al. (37) and Briese et al. (38) . Primers and other oligonucleotides used for in this study are listed in Table S3 .
Sequence and Phylogenetic Analysis. Sequence analysis and assembly were performed using DNAMAN 6.0 software (LynnonBiosoft). The deduced amino acid sequences of SsNSRV-1 and the selected mononegaviruses were aligned using the online Constraint-based Multiple Protein Alignment Tool (www. ncbi.nlm.nih.gov/tools/cobalt/). The best-fit model of protein evolution (LG+ I+G+F) was determined by maximum likelihood analyses using ProtTest 2.4 (39) (http://darwin.uvigo.es/software/prottest_server.html), based on the Akaike Information Criterion. Our phylogenetic tree was generated with PhyML 3.0, using the appropriate substitution mode (40) . The tree was visualized using MEGA Version 5.0 programs (41).
RT-PCR, Northern Blot Analysis, and 5′ and 3′ RACE Analyses. To confirm the characteristics of the genomic nucleic acid from the viral particles, 1.5 μg nucleic acid sample were treated with DNase I, S I nuclease, and RNase A and followed by RT-PCR using gene-specific primers. To detect the ORFs of SsNSRV-1, 1.5 μg total RNA from strain AH98 were reverse transcribed using oligo(dT) primer and the product amplified using gene-specific primers. The actin gene of S. sclerotiorum was used as the control. Northern blot analysis was done following the methods of Streit et al. (42) with minor modifications. DNA fragments were amplified by primer pairs based on the SsNSRV-1 genome sequence and were labeled with digoxigenin (DIG) as described in the user manual (GE Healthcare). The chemiluminescent signals of the probe-RNA hybrids were detected using a CDP-Star kit (GE Healthcare). The 5′ and 3′ RACE techniques were used to determinate the transcription strategy of SsNSRV-1. The total RNA samples were extracted from mycelia growing on PDA for 4-6 d, and then the poly(A) RNA samples were isolated with a Dynabeads mRNA DIRECT Kit (Life Technologies). These poly(A) RNA samples were subjected to 5′ and 3′ RACE experiments using the methods described by Elizabeth et al. (43) and Bekal et al. (12) , respectively. The primers and other oligonucleotides used for RT-PCR and Northern blot and RACE analyses are listed in Table S3 .
Protoplast Preparation and Transfection Assays. The Ep-1PNA367 strain was used as the recipient. The preparation of fungal protoplasts and the introduction of purified viruses into the protoplast preparations followed Yu et al. (4) . The newly transfected isolates were confirmed by RT-PCR amplification using gene-specific primer pairs. The primers used here are listed in Table S3 .
Biological Properties and Microscopic Observation of Fungal Strains. Mycelial growth, colony morphology, and virulence tests on the detached leaves of rapeseed were assessed according to Yu et al. (4) . To observe the morphology of hyphal tips, all tested strains were grown on PDA for 1-2 d and typical hyphal tips of each strain were carefully examined and photographed using a digital camera (Eclipse 55i; Nikon). To determine the pH values of the filtrates, four mycelial agar plugs (5 mm in diameter) were inoculated in a 250 mL-flask containing 100 mL PDB and incubated in a shaker at 100 rpm for 6 d. After centrifugation at 12,096 × g for 5 min, the resulting precipitate was used for analysis of mycelial fresh weight, and the supernatant was used for pH determination. All of the data collected were subjected to statistical analysis with a statistical software Statistical Analysis System (SAS), version 8.0 (ftp://legacy.gsfc.nasa.gov/xmm/software/sas/).
Detection of SsNSRV-1 in S. sclerotiorum Isolates from Different Regions of China. Fifty hypovirulent isolates of S. sclerotiorum collected from different regions of China-the provinces of Heilongjiang, Shaanxi, Sichuan, Hunan, Hubei, Anhui and Jiangxi-were used for the detection of SsNSRV-1. The total RNA of these strains was extracted and subjected to cDNA synthesis using random hexanucleotides. Two primer pairs were designed to detect SsNSRV-1, and the actin gene was used as the control. The primers are listed in Table S3 .
